This research examines how public housing design has been developed to attend the low income population in Sao Paulo, Brazil and how changes in the existing design affect the quality of the dwellings and energy consumption. The hypothesis of this research is that energy efficient architecture concepts applied to the current design practices of public housing in Sao Paulo significantly reduce energy consumption in buildings. In this study, computer simulation is used to evaluate current energy performance of public housing buildings and to simulate the integration of new energy saving features into the current design to assess buildings' performance. The findings show that energy consumption can be reduced by as much as 54 percent in doing so. This study highlights the numerous opportunities for architects to influence the quality of the design being produced for the less fortunate population in public housing sector in Sao Paulo. This also positively impacts comfort conditions within buildings and most importantly, reduce energy consumption.
Introduction
Efficient energy use has become a hot topic in the past years all around the world. It is known that the world's temperature has increased over the past decades and one of the main causes has been the large amounts of carbon emissions being released in the atmosphere. Climate change has been the result of a succession of reckless events and choices that have happened since the industrial revolution. Such activities require extensive amounts of energy to be created and maintained. "Electricity, mostly generated from fossil fuels, is at the core of this challenge, accounting for more than 40 % of global energy-related CO2 emissions" (IEA 2009 ). Buildings for example account for a great part of this issue. The man-made structures have been responsible for several types of pollution such as carbon emissions, waste and depletion of natural resources. The Energy Information Agency has accredited thermal control as one of the main issues associated with buildings' high energy consumption (EIA 2009 ).
In order to sustain and protect the environment, it is very important that the building' design becomes more efficient. Since efficient and sustainable design is still costly designers must develop creative strategies to enhance buildings' performance. This subject becomes even more sensitive once applied to places with economic challenges. Developing countries face numerous challenges and housing is one of the major ones. In addition, population at developing countries has grown exponentially, and so has the number of low income families that lack resources for basic living such as housing. This scenario is especially true in big metropolitan areas in developing countries. Such reality is even more complicated when referred to one of the largest metropolitan areas in the world.
In Brazil, the city of Sao Paulo is facing problems in the public housing sector and the situation affects a large number of low income families. Sao Paulo is the biggest city in Brazil, which is a developing country in South America, with a population of over 193 million (UNSTATS 2009 ), of which 84.2 percent are urban residents. In spite of the fact that the development of Sao Paulo city over the years has brought economical and industrial growth, it contributed to environmental issues, such as water and air pollution as well as ecosystem damage. The http://www.fec.unicamp.br/~parcp i 49 latter is also due to the great amount of resources used to maintain the large population. The large number of people attracted to the city's potential increases each year. This situation echoes as stress on the environment and in low quality architecture that has been built to accommodate migrant workers and their families that face poverty and very harsh living conditions. This research addresses the issue of public housing design practices and potential improvements in the city of Sao Paulo in order to contribute to a more sustainable society.
Literature Review

Good Practices
Public housing also called "affordable housing" is the latest in a long list of synonyms to denote housing for those who cannot afford the free-market price" (Davis 1995 a) . The concept embraces a wide range of variants and a "combination of services: space, environmental (water supply, waste disposal, energy use), and location (access to jobs and social infrastructure such as education and health)" (Lakshmanan et al 1977) . The only basic concept of public housing that can be applied to all societies is that it is a governmental initiative to battle poverty. The quality of spaces and type of construction vary widely among countries, cities and even locations within the same city. Today, there is a variety of public housing initiatives in several developing countries; however, the majority of sustainable practices examples relate to public housing in developed countries.
Developed countries are more advanced in the quality and construction standards of public housing buildings. They are also ahead on offering information and educating the population about environmental issues. Various lessons were learned by studying design for public housing in countries such as Australia, Hong Kong, Singapore, United Kingdom and Unites States. Even though these countries share the same goal, which is to reduce housing deficit and social issues, the design strategies differ.
The major lessons taken from other countries are the concern with the environment when designing public housing, use of building materials that improve energy consumption, use of energy strategies to save energy after construction, and thermal comfort within the building, which provides a better space and enhances dweller's quality of life.
http://www.fec.unicamp.br/~parcp i 50
Public Housing in Brazil
Throughout the years, several programs and autarchies were developed at the federal and state level, and among all, the Sao Paulo public housing history stood out due to the size of its program and the number of delivered houses. Even though social housing represents an issue to the country, it was not only after the dictatorships - Vargas -1937 to 1945 -Military -1964 to 1985 , that initiatives started to appear to solve the deficit. The housing deficit in Sao Paulo is the largest from all regions in the country. While Brazil's total housing deficit is more than 6.2 million houses, the Sao Paulo state accounts for more than 1.2 million, of which half of this number is the deficit in the Sao Paulo Metropolitan Region alone (FJP, 2008) .
The current deficit is a consequence of decades of social, economic and political interests that are related to large metropolitan areas. In the case of Sao Paulo, housing is a long lasting issue and it was only in the 19th century that governmental initiatives of public housing started, even though they were mainly privatized programs, motivated by the government aggressive capitalist thinking, which targeted the labor population that come to the city to work in the developing industrial sector, envisioning profit by construction and renting investments (Bonduki, 1994 a) .
The construction of multi-storey buildings was one of the modernist influences that really changed the face of public housing. Until then, most communities were composed of houses instead of apartment buildings. As the demand increased, the government came across economical and political issues that directly affected the quality of the housing programs and http://www.fec.unicamp.br/~parcp i 51
Energy Consumption and Comfort Level
Energy consumed by buildings has become a problem since the amount of energy required before and after construction is substantial. Moreover, knowing that building construction is proportional to population increase, the trend is an exponential increase in consumption in the years to come. Even thought, strategies for energy conservation in buildings have increased, there are still gaps in this matter. A lot has been done regarding energy efficient design of buildings, but it must be said that there has still been an association between efficiency in design and high costs. Moreover, environmentally friendly designs are usually linked to state of the art buildings that are performed to and by higher social classes' designers and clients.
In order to understand the dynamics of a building and how to achieve thermal comfort through design one has to understand the principles of environmental thermal conditions. "One primary function of a building is to modify or filter the outside climate to produce pleasant indoor conditions" (Holm 1983 ). Thus, buildings are human shelters that should consequently provide comfort for its dwellers. Comfort is a subjective concept. It depends not only on temperature, humidity and wind, but more important on people's comfort levels, which may vary depending on region and even culture. Comfort is not only related to the human body's ability to dissipate heat, but it is also related the environmental conditions and the natural conditions that allow that action to occur. According to , there are four conditions that simultaneously contribute to human comfort: air temperature, humidity, air velocity and mean radiant temperature. Thus thermal comfort must be a target concept to designers when designing buildings. Site specific characteristics as well as building materials and design elements are crucial techniques to achieve good indoor conditions. Moreover, indoor comfort levels depend on human reaction to temperature in a specific site and consequently affect energy consumption in a building. Hence, designers must incorporate design strategies in buildings that can provide good indoor conditions, but still saving energy.
Thermal Comfort
There are two different approaches that can be used to achieve thermal comfort within a building envelope. Passive techniques take advantage of more interaction with natural elements, such as sun and wind, to provide comfort. And active techniques, such as air http://www.fec.unicamp.br/~parcp i 52 conditioning and heating systems, consume energy to achieve the same goals within an enclosed building envelope.
There are some constraints about utilizing passive design strategies in multi-family buildings.
Due to the reduced surface area exposed to environmental conditions such as sun and wind, apartment buildings present one disadvantage when compared to single family homes.
Moreover, the different tenants might use each unit differently, interfering with natural ventilation, daylight incidence, lighting, and air conditioning. According to Rouse (1983) in a study for passive solar program for multi-family buildings in Massachusetts, "…inappropriate multi-family passive solar solutions may replace heating bills with bills for cooling and lighting, saving little energy, or worse, increasing total energy costs."
On the other hand, providing thermal comfort by relying on active systems may increase energy consumption. "The more insulation, the better" (Lechner 2001a) refers to the improvements insulation materials can provide and comfort levels that can be achieved once insulation is incorporated into the building. Some improvements to increase thermal comfort are relatively inexpensive, very durable, function in summer and winter and are simple to install during construction. Insulated building envelopes are becoming more and more common. By using insulating improvements such as blankets, loose fill, foamed-in-place, boards, and radiant barriers (Lechner 2001b) , decreased heat loss, moisture and fire resistance can be expected, adding value to the building envelope.
Moreover, some elements such as the roof play an important role in the building envelope since it is the major area of heat transmission. Strategies for building include light-colored roofs, which despite the fact that they have high albedo, they reduce thermal load on the building envelope by reflecting the heat. Roofs temperatures can reach 65.5 o C in summer time, which affect internal temperatures of the building envelope as well as building energy performance. In addition, window selection also affect thermal comfort in the building envelope due to the fact that they allow light and heat into the building, as well as provide external air to penetrate the building, in the case of operable windows. The energy conduction through the windows affects the building's energy performance. Window performance is measured by: Solar Heat Gain Coefficient -SHGC, Visible Transmission-VT, and Thermal http://www.fec.unicamp.br/~parcp i 53
Resistance-U-value (NFRC, 2005) . Windows' categories vary from single glaze, double-glaze and triple-glaze.
In conclusion, there are different ways of achieving thermal comfort within the building envelope: passive and active design. Both methods have to be carefully designed in order to be efficient in terms of energy consumption as well as provide comfort for dwellers. Thermal comfort through passive design is harder to be achieved in multi-family buildings than in single family units, but design elements carefully incorporated into the building critically impact thermal comfort and energy consumption.
Methodology
Objectives and Methodology
The objective of this study was to investigate design of public housing in Sao Paulo and to analyze construction techniques effectiveness in achieving thermal comfort and energy consumption reduction. The methodology used to achieve the objectives was:
 Assessment of public housing design strategies world-wide;  Identification of current public design strategies in Sao Paulo;  Analysis of the effectiveness of strategies being used to achieve thermal comfort;  Investigation of opportunities and constraints in the current design to further analyze improvement strategies to the design process.
Building a Hypothesis
The concept being explored here was influenced by the possibility of design strategies that could reduce energy consumption as well as provide comfortable temperatures in a building year round. Since the number of public housing buildings in Sao Paulo increases each year the energy being consumed by these buildings also increases. Thus, by investigating whether or not new design techniques decrease energy consumption and provide higher levels of comfort in the buildings affects the country's energy generation as well as quality of life. For instance, during winter time energy consumption raises due to the use of space heaters and http://www.fec.unicamp.br/~parcp i 54 during summer time, refrigerators, fans and portable air conditioning systems also increase energy consumption. Therefore, the hypothesis was that by incorporating energy efficient building elements in the current design, public housing buildings would be able to consume less energy while providing a superior environment for dwellers.
Selected Research Method
Computer simulation method was found to be the best fit to assess the research objectives in this particular case due to time constraints and due the availability of high-quality computer modeling tool. Therefore, ECOTECT 5.5 software was chosen as the investigation tool of this research. Due to its wide acceptance by architects and researchers and also due to the available features, ECOTECT 5.5, sustainable design analysis software has proven to be an accurate analysis tool in the field (Knight et al., 2009; Song et al., 2009; Makakaa et al., 2009 and Utamaa and Gheewala, 2009).
Scope of the Research
A set of decisions was used to arrive at the optimal choice for the first step of the process, which was to define the scope of the research. The scope was based on the following parameters:
Location-the buildings should belong to the same location and same climate.
Year of construction-the buildings should have been built in different years, so as to evaluate if there was an improvement in design as well as to understand the quality and standard of public housing architecture in Sao Paulo.
Typology -buildings must have average floor height for public housing, which according to the literature reviewed are four stories high.
Building area-according to the Housing Secretary records a great part of public housing buildings is comprised of two bedrooms and roughly comparable square area, which can vary from 45 to 60 square meters. Thus, the buildings must have two bedrooms and square area between 45 to 60 square meters.
Function/Use-the buildings must be residential, since the goal is to evaluate public housing and quality of construction for low income families in Sao Paulo.
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With all the criteria established, the search for potential buildings was narrowed. Throughout the selection process, it was noticed that there was not a complete database of public housing in Sao Paulo. The information available covered basic records such as name of the housing complex, year of construction and location. There was not an architectural database with data such as floor plans, sections and architectural drawings. The accessible information on housing programs and buildings were scattered in dissertations and publications; nevertheless it was not a complete set of information. During the selection process it was evident that due to the relatively long history of public housing in Sao Paulo, it was important to understand whether there was an architectural design evolution of the public housing in Sao Paulo and an improvement in the quality of the design been offered throughout the years.
Case Studies
After the identification and selection of the four buildings based on the parameters previously discussed, the next step consisted of the modeling of all the selected buildings in the Temperatures in the southern hemisphere are milder than that in the northern hemisphere, nevertheless extreme temperatures in winter and summer may occur. The latitude iss an additional factor to be taken into consideration, since solar radiation is one of the major causes of heat gain and influences building energy performance.
Results and Findings
The results from the simulations of the four cases revealed differences in energy consumption among them. Based on the results from the thermal comfort and energy consumption, one building was chosen to be further studied. From the thermal comfort analysis it could be seen that on all of the four cases the amount of hours the buildings were outside the comfort zone was significant. Hence, in order to maintain the internal comfort conditions and to more accurately assess energy performance, the buildings were equipped with air conditioning and heating system. In an air-conditioned zone, the internal comfort level is controlled and it is just a matter of the amount of energy required to keep the comfort level depending on external conditions. Therefore, the simulations were done in discomfort degree hour, which was the sum of degrees above or below the comfort band that the internal zone temperature was for each hour of each month; and in discomfort hours, which was the proportion of time each month that the temperatures were outside the comfort band. The comfort temperatures obtained from the simulations of the four initial buildings showed a significant difference, even though they had very similar design patterns, shape, area and materials. The results showed that the building with the least amount of hours out of the comfort zone was also the one that had the least energy consumption to keep the comfort level throughout the year. Similarly, the building http://www.fec.unicamp.br/~parcp i 58 with the higher number of hours outside the comfort zone was the one with highest energy consumption. Table 1 below summarizes the results for the initial simulations.
The results were compared and the most efficient building was chosen for further analysis in more depth in subsequent simulations. The objective was to observe the energy consumption performance of the building envelope with different types of materials within the same temperature range and under air conditioned system. The Voith building was selected for further studied since it represented the most efficient case among the four buildings. The further investigation evaluated whether differences in orientation, materials and shading would benefit the building's energy consumption. Therefore, the case study was simulated for each predefined parameter and the results interpreted and compared with the current situation. The idea of remodeling the buildings was an attempt to find the best energy performance building model for low income public housing design.
Building/Data
Juta Once all parameters were analyzed in isolation, the best result of each category was combined in a final simulation. It was important to identify the best parameters from each category and then to have them mutually set in one model in order to understand if there was a significant improvement in the design by grouping all the different strategies. Following are the results for each parameter: Table 2 shows a summary of the changes in the total energy consumption in orientation, wall material, insulation, roof, window type and shading. The optimal values of each parameter were then incorporated into a single model and simulated one more time in order to evaluate the overall energy savings that could be achieved when all design parameters were to taken into consideration at once. Generally, comfort levels are not taken into consideration during the design process; however, by carefully analyzing materials, orientation and shading elements there is an opportunity to increase comfort levels and decrease energy loads. The simulation's results presented here showed that there is still great potential for energy savings and improvements in the quality of the buildings, even in the most efficient design of public housing in Sao Paulo.
Conclusion
This paper assessed the current energy performance of low income public housing in Sao affordable housing has been built around the world and great attention has been given to sustainable practices in this field. Later, the methodology was presented followed by the analysis and results. The simulations carried out herein reflected the reality of current public housing situation in Sao Paulo. The results showed that even small changes carefully applied to the current design process can significantly enhance the building's energy performance. By incorporating building materials that have the potential to improve energy performance energy consumption in the building envelope can significantly decrease.
Furthermore, by assessing environmental characteristics of the site, by understanding climate elements, such as sun path to determine the best orientation for the building, public housing design in Sao Paulo can improve. It was showed that building elements such as windows can significantly improve energy consumption levels; insulation also demonstrated to contribute to improve indoor environmental conditions and lower energy consumption. Since insulation has not been part of construction practices in Brazil, this research showed how significantly this component can become among all of the materials investigated. In addition, shading devices should always be considered throughout the design process, since in this research they significantly reduced energy consumption when assessed independently.
By incorporating best practices into the design process of public housing in Sao Paulo the government has an opportunity to improve buildings and directly affect quality of life.
Moreover, a more holistic approach in public housing design in Sao Paulo is a better approach in the long term than the "business as usual" model. With small changes in the design and construction process the public housing scenario in Brazil can improve.
